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BACKGROUND OF THE INVENTION 



1. Field of the Invention 
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The present invention relates to the use of f luorochemical surfactants in coating compositions to reduce 
disuniformities in the coatings. The surfactants reduce such effects as mottling without causing such .side ^ef- 
fects as f isheye and foaming in the coated materials. These surfactants are particularly useful ,n graphics sys- 
tems such as positive-acting or negative-acting resist systems including printing plates and non-resist image- 
able polymerizable systems. 

2. Background of the Art 

There are many different types of coating operations that use organic polymeric resins in the .mating sol- 
utions. The polymers are normally coated out of a solid solution and dried by the removal of most of the solve .n 
Many of the defects and problems that occur in the final product can be attributable to phenomena that occur 
in the coating and drying procedures. Amongst the problems that are known to occur during drying ofpolymenc 
film layers after coating are unevenness in the distribution of solid materials within the layer. Examples of spe- 
cif ic types of problems encountered in coatings are "orange peel" and "mottling." The former is a fa,rly regutar 
grainy surface that occurs on a dried coated film, usually because of the action of the solvent on the catenate 
Tn the coating composition. Mottling often occurs because of an unevenness in the removal of the solventfrom 
the coating composition. "Fisheyes" are another type of coating problem, usually resultmg from a separation 
of components during drying. There are pockets of different ingredients within the drying solution, and these 
pockets dry out into uneven coating anomalies. . «.^ WQMte 

Surfactants have often been used to correct these types of problems, along with changes .n the solvents 
of the coating compositions. Sometimes surfactants do not correct the salient problem, and .n other cases, 
the surfactants create other problems even when they cure the first It is sometimes necessary to investigate 
a large number of commercially available surfactants beforefinding one that is appropriate fore, particular type 
of system, even if that commercial product is touted for use in correcting a particular type of defect 

U.S. Patents Nos. 4,764.450 and 4,853,314 describe the use of particular changes in solvent systems to 
30 improve surface defects in positive-acting photoresist imaging systems. 

US Patent No. 4,557,837 describes fluorochemicals useful in the preparation of foamable compositions 
such as those used in the cleanup of gas wells. The polymers described within that patent include some com- 
pounds useful in the practice of the present invention. t^^ M 
US Patent No. 3,950.298 describes thermoplastic f luorinated terpolymers that are useful, non-foaming 
additives to coating solutions for polymeric materials such as carpets and fibers. The coating compositions pro- 
vide oleophobicity to the surfaces that are coated. 

SUMMARY OF THE INVENTION 

Fluorinated polymers formed by the polymerization of at least three monomers can provide a non-foaming 
or low foaming surfactant that is particularly useful in the application of polymeries layers. The surfactants can 
reduce surface anomalies such as mottling and fisheyes in certain solvent systems. The at least three mono- 
mers comprise a fluorinated ethylenically unsaturated monomer, a short chain-alkyl ethylemcally unsaturated 
monomer, and a polar ethylenically unsaturated monomer. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention describes a coating composition comprising an organic solvent, an organic polymer 
compatible with said solvent, and a coating aid comprising a fluorinated polymer different from sa,d polymer 
compatible with said solvent, said fluorinated polymer having at least three different mo.et.es within the poly- 
mer chain derived from reactive monomers, the moieties comprising a fluorochemical acrylate, a short-cham- 

alkvl acrylate, and a polar monomer. . .. , 

The present invention relates to polymeric surfactants which are particularly useful in the formation of 
polymer coatings, most particularly in theformation of imageable media where surface an ° mal, ff h mus ^P 
to/minimum. The fluorinated polymers M ntain at least three different units d^ 

copolymerizable monomers. The monomers would at least comprise a fluorinated ethylenically unsaturated 
monomer, a short-chain alkyl ethylenically unsaturated monomer, and a polar ethylenically unsa J^ted m ^ 
mer The polymers can be most conveniently formed by generating a polymeric backbone wrth the required 
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pendant functionalities thereon. This can be done conveniently by selecting appropriate ethylenically unsatu- 
rated monomers with the desired pendant functionalities already present on the monomers so that they are 
also deposited on the polymer backbone. This is preferably done by forming an acrylate backbone by poly- 
merization of at least three materials. Fluorochemical acrylate, short-chain alkyl acrylate, a polar monomer 
(e.g., acrylic acid). As previously noted, acrylates are not the only materials that will work, but they are pre- 
ferred. The fluorochemical acrylate comprises an acrylate (including methacrylates) having a fluorocarbon 
group bonded to a hydrocarbon portion of the acrylate. The bonding of the group may be directly to the hy- 
drocarbon group or bridging group on the acrylate, or it may be through an additional bridging group such as 
a sulfonamide group. These three monomers are free radically polymerized in the proportions desired for the 
final product. The polymerization is done in solvent such as ethyl acetate or other convenient solvents The 
short-chain alkyl acrylates have fewer than eighteen carbon atoms in the alkyl chain. Preferably the alkyl chain 
has fewer than sixteen carbon atoms, and more preferably less than twelve carbon atoms. The polar monomer >- 
for use in the present invention must have a poiymerizable group compatible with acrylic polymerization i e Q- 
have ethylenic unsaturation as would be the case in an acidic styrene derivative. The preferred polar monomere O 
15 are acidic monomers of acrylates (including methacrylates) and particularly those at least as polar and pre- 7% 
ferably more polar than hydroxyethylmethacrylate(HEMA). Although all molecular weights were found to re- ^ 
duce mottling, higher molecular weights could increase the foaming of the solutions. It was therefore found ULI 
that molecular weights of less than 250,000 (weight average molecular weight) and more preferably less than =2 
200,000 are desired. The most preferred materials had weight average molecular weights in the range of ^9 
20 15,000 to 120,000 (approximately 25,000 to 95,000). ^ 

Representative ethylenically unsaturated polar comonomers useful in such preparation include- 
CH 2 =CHCOOCH 2 CH 2 OH , ^£ 
CH 2 =CHP(0) (OH) 2 , ^> 
CH 2 =CHCOOH, ^£ 
25 CH 2 =C(CH 3 )COOH, ■ 
HOOCC(=CH 2 )CH 2 COOH, 
CH 2 =CHS0 3 H 
CH 2 =CHCH 2 S0 3 H 
CH 2 =CHCONHC(CH 3 ) 2 CH 2 S0 3 H 
30 and combinations thereof. 

Representative fluoroaliphatic vinyl monomers useful in such preparations include- 
C 8 F 17 CH 2 CH 2 N(CH 3 )COCH=CH 2 
C 8 F 17 CH 2 CH 2 OCOCH=CH 2 
C 6 F 13 C 2 H 4 SCOCH=CH 2 , 
35 C 8 F 17 S0 2 N(C 2 H 5 )C 2 H 4 NHCOCH=CH 2 , 
(CF 3 ) 2 CF(CF 2 ) 8 C 2 H 2 SCOC(CH 3 )=CH 2 , 
C 8 F 17 S0 2 N(CH 3 )C 2 H 4 COOCH=CH 2 , 
C 8 F 17 S0 2 N(CH 3 )CH 2 C 6 H 4 CH=CH 2 , 
C 8 F 13 CH 2 CH 2 OOCC(=CH 2 )COOCH 2 CH 2 C 6 F 13 , 
40 C^F^CHzOOCCH^CHCOOCHzCzF^, 
C 6 F 13 C 2 H 4 N(CH 2 CH 2 OH)COCH=CH 2 , 
C^sCONfC^C^SCOCfCH^H* 
C 6 F 13 CH 2 NHCOCH=CH 2 , 
C 8 F 17 CH 2 CH 2 OCH=CH2, 
45 (CF 3 ) 2 CF(CF 2 ) e CH 2 CH(OH)CH 2 OCOCH=CH 2 , 
(CH 3 ) 2 CFOC 2 F 4 OCOCH=CH 2 , 
C 8 F 17 C 2 H 4 S0 2 N(C 3 H 7 )C 2 H 4 OCOCH=CH 2 , 
CtF^C^CONHQHsOCOCH^Hj 



C 3 F 7 (CFCF 2 0) 2 CFCH 2 OCOCH=CH 2 , 
CF 3 CF 3 



55 C^F^COOCH^CH^zCHzOCOCtCH^CHz, 
C 8 F 17 S0 2 N(C 2 H 5 )C 4 H 8 OCOCH=CH 2i 
(C 3 F 7 ) 2 C 6 H 3 S0 2 N(CH 3 )C 2 H 4 OCOCH=CH 2 , 
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Cp 5 -CB^ ^NC^C^OONCa^Ctl^OCOCH-ai 
N CF2CFj 

C 8 F 17 CF=CHCH 2 N(CH s )C 2 H 4 OCOCH=CH 2 , 

and combinations thereof. r „ mo rise anv polymer soluble or dispersible in the organic 

The polymers useful in the present ^"XSTorapanol and30/70 mixtures of MEK and 1-methoxy- 
solvent, particularly methyl ethyl ^^^SSSS^ acetals (e.g., polyvinyl butyral, polyvinyl for- 
2-propanol. Examples of useful res.ns and po ly/ners are polyvmyi aw t a .v >y alkylacry , ates , alky- 
m S). P o.yacry.ates(e.g.. from achates, ^crt*^*** *«^<$ J£ (e . g ., polyviny1 

phenol-formaldehyde resins, polyamides. and mixtures thereof. 
Example 5 

(FX-14, 3M). 6 g butyl methacrylate (Rohn & Haas). 4 g acryi^ a v Jhe 
Trigonox 21-C50 (50% t-buty. peroctoate. Witco c X^^iTl^^i- then sealed. The 
polymerization solution was purged ^ h "^ZTXe e^X^eT^^bome^s 000^660^ 
sealed bottles was shaken at 78°C for e.ghteen hour ^""^ ^Xdri^d in a small aluminum pan at 90'C 
to room temperature and air was admitted Mj^hJ«^lj) When the polymer solution 

for 1 hour. At the end of this time, 0.6 jg .of dry bn ^^ S ^^ro P a^ solventsold by DowChem- 
was diluted with 30/70 Dowanol™ PM/MEK (Dowanol™ PM. 1 * ^ ^ d to be 23 . 0 dynes/cm as 
ical Co. and methyl ethyl ketone) to 0.05% surfactan t Jhe su faco tens.on was *und ^ ^ 1 ^ 

measured by a Wilhemy plate. Yellow pigment was d*so Ived ,n toOMAF tQ ^ ^ 

solids level. This solution *as sha'e^ 

found to be4minutes 30 seconds. The solutwn(30/70sov^/ y gt 2fi g% fay 

of the FC polymer described above (based ^^SSZSS!^ stead on a wire wound md (Meyer 
weight) was coated on PET ' O^M^ ^."J^X^S-S conditions (in aforced air drying 
bar). The coated PET was dried under controlled ar veloaty ana p . Materials coated out 

oven), then evaluated using a subjective ""P^^^^^SS^ to the present invention, 
showed approximately 75% less mottle than a ^ ^S^eSSLi. Et-FOSEMA is an abb,*- 
The table below shows the expenments l.sted as examples and tneir cornp OCOC (CH 3 )=CHJ. 
viation for N-ethyl perfluorooctanesu.fonamidoethy. ^■^^'^gCSS^S^Hd- ^P ara - 

FOMA is an abbreviation for 1 .1-dihydroperf .uoroocty. ^^^SSSSZ described in the first 

tive Examples whose composition does "^.^^X^ 

sectionarelisted below in Table2.C1.C-2 .and of f iuorochemical acrylate (0.80) in 

of a lower alky, one (one to ten ~*°?*J» „^ tK^cSSl « ower mole fraction (X) of f luoro- 
the polymer than as defined by this invention (less than I O30) « (x =greater than 0.089). Y is the 

chemical (x=0.085) than as defined by the ^;^2 ' W ft S JJ. polar monom er. X * Y ♦ Z 
m ole fraction of the short-chain a.M methacryla ^ 

BST S^^SCSSS 0.30. Y should be between 0, 0 and 
0.615 or less, and Z should be between 0.30 and 0.60. 
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Table 1 

Monomer Composition of Examples 



Example 


Weight % Jj 

Et-POSEMA6/¥l* / IB !i 


1 


3 6/48 BuMA / 1 6 I 


2 


2 9 FOMA/ 55 BuMA /i a 


3 


28/60 LMA/12 


4 


4 0/35 RuMA/5K 


! 5 


50/30 BuMA/5n 


6 


47 FOMA / ^ ft RnMR / 1 y| 


7 


55/35 BuMA/in 


8 


50/50 BuMA/0 


9 


50 FOMA/ 50 BuMA/0 


10 


55/35 BuMA/10 




55/35 BuMA/10 


12 


55/35 BuMA/10 


13 


55/35 BuMA/10 | 


© Et-FOSEMA (Type X, except where listed as FOMA 
(Tertpolymer £X) ) . 



*MA-Methacrylate, 0DMA=Octadecyl methacylate, 
BuMA=Butyl Methacrylate, MMA=Methyl methacylate, 
UlA=Laurel (C-10) methacrylate. 
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Table 2 



Monomer Composition of Comparative Experiments 



Example 


Weight % 

Et-FOSEMA© /MA* /AA 


C-l (Comp) 


50/50 ODMA/0 


C-2 (Comp) 


50/ODMA/20 


C-3 (Comp) 


80/12 ODMA/18 


C-4 (Inv) 


4P/40 MMA/20 


C-5 (Inv.) 


60/20 MMA/20 



Examples 1 , 2, 3, 6, 7, 8, 9 were prepared in the following manner. 

Arandom tertpolymer of Et-FOSEMAor FOMA/alkyl methacrylate/Acrylic Acid was prepared by dissolving 
the appropriate amount of Et-FOSEMA or FOMA, alkyl methacrylate and acrylic acid, so that the total we.ght 
of monomers charged was 20 g, and 0.8 g of Trigonox 21-C50 (50% t-butyl peroctoate, Witco Corp a subs.d.ary 
of Akzo Corp) in 113 g of ethyl acetate. The polymerization solution was purged with nitrogen through a dip 
tube for two minutes and then sealed. The sealed bottles was shaken at 78°C for eighteen hours. The bottle 
was then cooled down to room temperature and air was admitted. 

Examples 4. 5, 12, C-2, C-3, C-S 

These materials were prepared as outlined in Example 1 above so that the total weight of monomers 
charged in each case was 20 g. 



Example 11 

A random terpolymer of Et-FOSEMA/BuMA/ Acrylic Acid was prepared by dissolving 11 g of Et-FOSEMA 
7 g butyl methacrylate. 2 g acrylic acid, 0.1 g dodecyl mercaptan. and 0.8 g of Trigonox 21-C50 in 113 g of 
etL acetate. The polymerization solution was purged with nitrogen through a dip tube for two minutes and 
then sealed. The sealed bottles was shaken at 78°C for eighteen hours. The bottle was then cooled down to 
room temperature and air was admitted. 



Example 12 



A random terpolymer of Et-FOSEMA/BuMA/ Acrylic Acid was prepared by dissolv.ng 304 g ° f Et'FOSEMA. 
195 g butyl methacrylate. 56 g acrylic acid, 2.7 g dodecyl mercaptan. and 22 g of Trigonox™ 21-C50 (50 /. t- 
butyl peroctoate) in 1283 g of ethyl acetate. The polymerization solution was purged with nitrogen by allowing 
nitrogen to flow through the flask for 30 minutes while the monomers and solvent were charged. Ashght positive 
nitrogen pressure was maintained on the flask during the reaction. The reaction mass was stirred at 75-81 C 
for 6 5 hours. At the time air was admitted to the flask and the solution was allowed to cool down to room tem- 
perature. The viscosity of the reaction mixture was measured and found to be 19.3 cenbstokes. 



Example 13 



A random terpolymer of Et-FOSEMA/BuMA/ Acrylic Acid was prepared by dissolving 136 g of Et-FOSEMA, 
88 g butyl methacrylate, 25.2 g acrylic acid, and 9.9 g of Trigonox 21-C50 (50% t-butyl peroctoate) in 1400 g 
of ethyl acetate, the polymerization solution was purged with nitrogen by allowing nitrogen to flow through the 
flask for 30 minutes while the monomers and solvent were charged. A slight positive nitrogen pressure was 
maintained on the flask during the reaction. The reaction was stirred at 75-83°C for 6.5 hours. At that time air 
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was admitted to the flask and it was allowed to cool down to room temperature. The viscosity of the reaction 
mixture was measured and found to be 2.09 centistokes. The weight % unreacted monomer in the polymer 
as determined by gravimetric chromatography of standard solutions was found to be 0.35% Et-FOSEMa 0 33% 
butyl methacrylate, 0.4% acrylicacid. H-nmr and C-nrnr (Anal Req 37607) were consistent for the desired poly- 



Table 3 
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wt% 

Et-FOSEMA©/MA*/AA 


Time for Foam Collapse 
(Minutes-m, Seconds-s) 


x+z 


C-2 


50/50 ODMA/20 


>15m 


0.80 


C-3 


80/12 ODMA/18 


>l5m 


0.91 


C-5 


60/20 MMA/20 


>15m 


0. 65 


4 


40/48 BuMA/16 


4m 30s 


0.57 


5 


50/30 BuMA/20 


4m 30s 


0. 63 


6 


47 FOMA/38 
BuMA/14 


3m 


0.52 


9 


50 FOMA/50 BuMA/0 


3m 


0.23 


2 


29 FOMA/55 
BuMA/18 


2M 15s 


0.45 


1 


36/48 BuMA/16 


2m 


0. 48 


3 


28/60 LMA/12 


1m 45s 


0.45 


8 


50/50 BuMA/0 


lm 45s 


0.18 


C-4 


40/40 MMA/20 


lm 24s i 


0.44 


7 


55/35 BUMA/10 


lm 15s 


0.45 


no FC surfactant 


lm 





o 

o 
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so As can be seen in Table 3, foam times of less than 5 minutes were obtained when the sum of the mole 
fractions of f luorochemical monomer plus acrylic acid were less than 0.65. Compositions where x+z were 0 65 
or greater, all had foam times of 1 5 minutes or greater. 



ss Claims 



A coating composition comprising an organic solvent, an organic polymer compatible with said solvent 
and a coating aid comprising a fluorinated polymer different from said polymer compatible with said sol- 
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vent, said f.uorinated polymer having at least three deferent moieties f^^^T^t 
from reactive monomers, the monomers comprising a f luorochemical acrylate, a short-cha.n alkyl acryi 
ate, and a polar monomer. 

The coating composition of claim 1 wherein said f luorinated polymer has a molecular weight of less than 
250,000. 

;. The coating composition of claim 2 wherein said f luorinated polymer has a molecular weight of less than 
200,000. 

L The coating composition of claim 1 wherein said fluorinated polymer has a molecular weight between 
15,000 and 120,000. 

; The coatino composition ofany one of claims 1 to 4. wherein the fluorinated polymer is the acrylic reaction 
SfraUeaTthTe polymers comprising at .east one fluorochemica. acrylate. at .east one short- 
chain-alkyl acrylate, and at least one polar monomer. 

5 Tne mating composition of any one of claims 1 to 5, wherein the polymer compatible with said solvent is 
leleSTd I fr^The group consisting of polyvinyl acetals, polyacrylates, polyurethanes acrylated-ur- 
etlSles, po^actones polyvinyl Tesins, phenol-formaldehyde resins, mophtmgu.none-d.az.des. poly- 
amides, and mixtures threof. 

7 A coated surface comprising a substrate with at least one surface having a coating thereon comprising 
anTanic polymer and a fLrinated polymer, said f.uorinated polymer comprising , the acryhc reacbon 
product of at least one fluorinated acrylate. a short-chain-alkyl acrylate. and a polar monomer. 

8. The coated surface of claim 7 wherein said substrate comprises a polymeric film. 

9. The coated surface of claim 7 wherein said substrate comprises polyethylene terephthalate. 

10. The coated surface of claim 7 wherein each substrate comprises aluminum. 

11. The coated surface of any one of claims 7 to 1 0 the coating comprising a coating composition as claimed 
in any one of claims 1 to 6. 
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(g) Acrylic surfactants and compositions containing those surfactants. 

(57) A novel fluorochemica! polymer surfactant 
reduces disuniformities in polymeric coatings. 
The coating composition comprising an 
organic solvent, an organic polymer compatible 
with said solvent, and a coating aid comprising 
a fluorinated polymer different from said 
polymer compatible with said solvent, said 
fluorinated polymer having at least three diffe- 
rent moieties within the polymer chain derived 
from reactive monomers, the monomers com- 
prising a fluorochemica! acrylate, a short- 
chain-alkyl acrylate, and a polar monomer. 
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